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Abstract 
A comparative study of Kelvin Probe (KP) surface work function analysis of p-type CuO thin films to its nanowires is presented. 
Thin films were prepared by RF magnetron sputtering and nanowires were grown by thermal oxidation of grown thin films. The 
structural characterization was carried out by SEM and micro-Raman spectrophotometry. Finally, Surface work function 
variations of both materials were recorded while exposing them to some oxidizing and reducing gases, looking for a comparison 
between their gas sensing performances. The collected results were analyzed and compared to improve our understanding about 
sensing mechanisms involved in these kinds of p-type materials. 
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1. Introduction 
The metal oxides (MOX) are the most common materials being used for gas sensing applications due to their high 
stability, low cost and good sensitivity compared with most of the other gas sensing materials. Particularly, SnO2 and 
ZnO are most representative examples of n-type MOX materials [1, 2]. Other examples include TiO2, WO3, In2O3 
and Fe2O3 [3-6]. These n-type semiconducting MOX materials are well studied and extensively utilized in form of 
chemiresistors (conducmetric sensors) for gas sensing applications. On the other hand, there are very few recent 
reports about p-type materials being employed for similar conductometric sensing analysis including CuO, NiO, 
Co3O4, Cr2O3 and Mn3O4 [7].  
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 The conductometric sensing does not seem to be right scheme for gas sensing analysis of p-type materials 
because oxygen ionosorption generates holes near the surface which results in increasing the concentration of 
majority carriers (holes) in the material and consequently, you do not detect significant signal variations upon gas 
reactions with ionosorbed oxygen. An alternative approach is Kelvin Probe (KP) surface workfunction analysis 
which could improve the detection of surface-gas interactions [8]. KP sensing is an highly sensitive technique to 
monitor very small changes in the surface contact potential difference when interacts with a gas or mixture of gases 
the surface, thus enabling detection of very small concentrations interacting to the surface. We have prepared p-type 
CuO nanowires as well as thin film and investigated their gas sensing properties by measuring surface workfunction 
variations by exposing both materials to various concentrations of NO2, Ethanol, NH3, and CO at elevated operating 
temperature in controlled environment, to analyze surface workfunction variations and contribution of different 
surface morphologies. 
 
Materials and Methods 
 
 Alumina square substrates 5x5 mm were used for the preparation of KP sensing devices. On the top of the 
substrate, a gold thin film was deposited to assure the ground connection of the metal oxide layer deposited on gold. 
While on the bottom of the substrate a meander of platinum was deposited to act as a heater, necessary for reaching 
the desired temperature on the sensing material deposited on the top of the gold layer. Thin films of p-type CuO 
were deposited by RF magnetron sputtering starting from a ternary oxide 2” target (delafossiteCuAlO2) at room 
temperature (RT), in inert (Ar) atmosphere at 100W RF power prepared by sintering, while nanowires were grown 
by thermal oxidation of those grown thin films in tubular furnace at 300oC for 12 hours in O2 (80%) and Ar (20%) 
environment (SEM images: figure 2).  Before sensing tests samples were kept at 300°C in ambient air for two weeks 
to induce controlled aging. 
 The surface morphology of the thin film deposited on the alumina substrates were investigated with a field-
emission scanning electron microscope (FE-SEM, LEO 1525), operating in the secondary-electron imaging mode 
with a 10-KeV accelerating voltage. 
 Raman analysis was carried out with a modular micro-Raman confocal system from Horiba equipped with single 
monochromator (ihr320mst3) and Peltier cooled CCD camera. He:Cd laser at 442 nm was used as excitation source, 
along with interference filters on laser lines and edge filters on the signal. Spectra were collected on the instrument 
operating with 1800 l/mm grating, and 100X objective. The samples were mounted on a motor controlled X-Y stage. 
The materials used for sensing tests analyzed mounted on electrical TO5 case. 
 The variations in surface contact potential difference (CPD) i.e. ο߶were recorded by a standard Kelvin probe 
2mm in diameter, oscillating very near to the sample surface and controlled by a standard zero-locking Kelvin 
control system in a 1L stainless steel closed chamber. Test Chamber was placed at 20oC. Synthetic air was passed 
through drechsel bottle held in thermostatic bath and then through condensation vessel in order to favor the 
condensation of saturated vapors and finally was mixed with dry air in appropriate composition to get desired 
relative humidity before mixing with target gas. A humidity sensor (Viasala, Finland, Model: HMI 36) was mounted 
inside the chamber to measure the humidity of the mixture of gases inside the chamber and to control humid and dry 
air mixing. Test gases with certified composition were supplied by SIAD spa. Italy. Dry synthetic air was used as a 
carried gas to those target gases mixed by MKS instrument mass flow controller Model: 647B. The total flow inside 
the sensing chamber was fixed at 300sccm. 
 The sensor temperature controlled by applying fixed voltage to the heater of the sensor by Thurlbly-Thandar PL-
330DP power supplies, typically 5.5-6.75V. CPD was measured by Keithley 580. Samples were heated at desired 
operating temperature inside the chamber keeping the humid air flow constant for several hours for getting thermal 
stabilization. After exposing the target gas to the sensor for 1hour in each step, air flow was restored to estimate the 
time for recovery of the baseline. 
 
Results and Discussion 
 
 Raman analysis suggests that both of the materials have pure CuO crystalline phase (Figure 1). The width 
of few peaks in Raman curves changes a little which could be due to the effect of different surface morphologies.  
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Figure 1. Raman analysis of CuO Nanowires and Thin film 
 
                             
Figure 2(a). SEM images of p-type CuO thin film            Figure 2 (b). SEM images of CuO nanowires 
Thin film covered the grains of the alumina substrates (Figure2.a): a wide range of sizes in the dimension 
of the grains can be observed, from 100 nm to half a micron, similar to the one that can be observed in the substrate; 
a rugged profile and terrace levels can be observed on the surface of the grains. Also, nanowires (Figure 2.b) show a 
matrix of nanowires erecting outwards from the substrate in various directions. Most of the nanowires are not 
aligned to each other. The lengths of nanowires vary from 200nm to few micro meters.  
 
                                              Figure 3(a)                                                                               Figure 3(b) 
Figure 3 (a). Work function variations of CuO thin film by exposing NO2 (5ppm) and Ethanol (300ppm) at 6.25V  and 30% RH, Figure 3 (b). 
Work function variations of CuO thin film by exposing NH3 (5, 10, 15ppm) and Ethanol (100, 200, 300ppm) 6.75V and 30% RH. 
 
Thin film of CuO shows significant surface workfunction variation to NO2 (5ppm) and to Ethanol at 6.25V 
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operating Voltage (Figure 3 a), also to NH3 (5, 10, 15ppm) and Ethanol (100, 200, 300ppm) at heating voltage of 
6.75V (Figure 3 b). It is Important to mention that thin film of CuO did not show any significant response to carbon 
monoxide.  
 
 
                                     Figure 4(a)                                                                                    Figure 4(b) 
Figure 4(a). Workfunction variations of CuO nanowires by exposing to CO (300ppm) at various heating voltages and 30% RH. Figure 4 (b) 
Workfunction variations of CuO Nanowires by exposing to Ethanol (300ppm) at various heating voltages and 30% RH. 
 
Nanowires of CuO exhibit good sensitivity to CO (300ppm) and ethanol gases (300ppm) at different 
heating voltages (Figure 4 a,b). But we could not record stable and reproducible results for NO2 and NH3 sensing 
with this material.  
 
Conclusions 
 
P-type CuO appears to be a good candidate for gas sensing applications. And surface morphology of this 
material plays a vital role in affecting its sensitivity towards various gases when analysed by Kelvin probe surface 
workfunction sensing scheme. We determined that CuO shows high sensitivity to carbon monoxide only in the form 
of nanowires. Whereas CuO thin film shows good sensitivity to NH3 and NO2 gases but nanowires do not. And 
ethanol sensing seems to be indifferent to surface morphology. We also noticed that both materials were insensitive 
to various concentrations of acetone at all operating temperatures. 
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